or the two posterior blastomeres, to bring about corresponding defects in the embryo.
In a preliminary set of experiments, carried out in order to see if the operation were feasible, the upper four blastomeres were punctured with a cold needle, and their contents caused to exude as an exovate. The outcome was variable. If great care was taken to remove completely all of the material of the blastomeres the remaining parts of the egg generally failed to produce an embryo, and died without proceeding very far in their cleavage. If the utmost care was not taken in removing the blastomeres, defective, or even nearly normal embryos of many kinds were obtained. These results, while puzzling and discouraging', led me to examine more critically the immediate results of the operation itself. The outcome showed that it is much more difficult to remove completely the entire contents of the upper cells than appears to be the case at the time of the operation. If the egg is given a half hour, or thereabouts, to recover, it will 1)e found in many cases that parts of the upper blastomeres have been left behind, and since these subsequently divide, iu most cases, it is certain that.their nuclei have been left, and that their material has been contributed towards the formation of the embryo. After this had become evident I generally separated the eggs that had been operated on into two lots, placing in one lot all of those in which the contents of the injured blastomeres had been entirely removed, and in the other lot those in which the operation had been only partially successful.
In other cases I made use of a hog needle. The blastomeres are more certainly killed by this means; but injury to the surrounding parts of the other blastomcres may also easily occur. The hot needle was especially successful when it was desired to kill all four of the upper cells at the eight-cell stage --an operation, which, as I have said, gives very unsatisfactory results with a cold needle.
There is another consideration that can not be too strongly emphasized. Even if it is true th'~t a large part of the material that goes to form the embryo is contained in the top of the egg, it does not necessarily follow that this material is all contained in the upper four cells of the eight-cell stage. An examination of the eggs shows that these cells have such different forms in different eggs, that they must include in some cases less, in others more of the material around the pole. It has also become clearer in recent years that cleavage-boundaries need not coincide exactly with the organ-forming areas of the protoplasm. Far from corresponding to the diagrammatic figures in most text-books, in which the four upper black cells of the frog's egg are represented as being equal in size, and placed symmetrically around the upper pole, the cells are rarely or never of equal size, and their relation to the anterior and posterior sides of the egg, and even perhaps to the upper pole of the egg itself is variable. In Figs. 1 and 2 an egg is drawn in which the upper four cells are narrower than usual from side to side, and are longer in an antero-posterior direction. In nearly all cases I have observed in this species of fl-og, Rana palustris, that the two anterior cells are more pointed, as is also to be seen in this figure. The pointed ends may extend into or even through the gray area, and in extreme cases as in Fig. 2 into the lower hemisphere as far down as that part of the egg on which the dorsal lip of the blastopore appears. In Fig. 3 the top of another egg is shown in which the upper cells are somewhat broader. In this case the whole upper group appears to be shifted somewhat in the direction of the anterior side of the egg, i. e., the meeting point of the four upper cells lies anterior to the black pole of the egg.
The results of the experiments may be considered under the following headings: 
I. Removal of the Two Upper Anterior Blastomeres of the Eight-Cell Stage.
Some embryos that were obtained by means of this operation are shown in Figs. 4 to 11. The variety of forms that may result is evident from this series, and without a further examination of the results of the operation there may seem to be no connection whatsoever between the removal of a part and the kind of embryo that results. When, however, the operation itself, with all of its possibilities, is taken into account the results are more orderly than appears at first sight. These embryos may now be described in detail, and then, using these as examples~ the general results of the operation, as seen in other experiments, may be considered.
The embryo represented in Fig. 4 shows the posterior end of the medullary folds, with a large yolk plug in the middle of the posterior region. At the anterior end the surface is raised in rounded masses, on which the head end of the embryo does not appear. Sections show that the medullary folds are united for a short distance behind and in front of the yolk plug. At each side of the yolk plug a deep half-archenteron is present. At the anterior end the brain region is undeveloped.
The embryo represented by Fig. 5 is somewhat more than a half-embryo, especially anteriorly, and lies along the right side of the exposed yolk. At the posterior end the other, left half of the embryo is somewhat developed, although anteriorly the medullary fold is entirely absent on this side. ~No sections were made of this embryo.
The embryo drawn in Fig. 6 shows a nearly entire medullary plate along one side of an exposed yolk mass. Towards the posterior end, however, the half of the medullary fold on the side towards the yolk is less developed. Sections of this embryo show that a nearly bilateral medullary plate is present at the anterior end, although smaller than normal. In the middle and posterior regions the medullary plate is little more: if at all more, than a halfstructure with the archenteron opening at the yolk side. The opposite side of the egg --across the yolk --has been largely killed by the needle, especially superficially, and has failed to produce the missing half. It is evident that the operation has produced (as in the last case also) a greater defect on one side than on the other, and that only one side has developed, except in the head region where more than a half structure is present.
The next embryo, Fig. 7 , is nearly normal, except in the head region, where the medullary folds are much less developed than in the middle and posterior regions. The effect of the injury to the anterior blastomeres has been to produce a defect in the anterior end of the medullary plate.
The embryo represented in Fig. 8 shows a different result of the operation. What appears to be a whole, although shortened, medullary plate lies on one side of the exposed yolk. Sections show that the groove on the surface corresponds to a thickening of the inner layer of the ectoderm, but whether, as appears in surface view to be the case, more than half of the medullary fold is present or only a half is not clear. At the edge bounding the yolk an arehenteric invagination is present in the yolk, and a similar invagination is also present on the opposite side of the yolk mass (below the left side of the yolk of the surface view). This is only present along the posterior end, and not further forward, and here the surface appears injured and vacuolated. At the anterior end, in front of the yolk-plug, the anterior part of the medullary plate extends somewhat over to the other side, but the material is very little developed, and quite irregular in arrangement. Fig. 9 shows again a half embryo with an imperfect anterior end, where a protrusion of the material is present. Fig. 10 is likewise a lateral embryo. Sections of this embryo show both medullary plates present for a short distance around the posterior end of the yolk. On one side the plate quickly ends. while on the other, as shown in the figure, it is quite well developed. A large exovate is present along one side (seen protruding from below and to the right in the figure), but it is no longer attached to the egg. At the head end the medullary plate, while not much more than half --if at all so --, is more symmetrical, and forms more nearly a whole structure. It is, however, little developed. Fig. 11 shows what appears to be a half-embryo, defective in the head region. Sections show that the other half of the embryo is also present on the opposite side of the yolk, but it is less well developed. On both sides, the head ends of the medullary plates are defective; so much so, in fact, that they may be almost said to be absent. On that side of the egg not shown in this figure, the anterior end of the medullary plate protrudes and is somewhat injured. The ectoderm contains large scattered cells interspersed with smaller ones.
In all of these embryos there is direct evidence of defects in the anterior end. The half-embryos and spina bifida embryos are due to the material that goes to form the lateral lips of the blastopore on one or on both sides failing to cover over the yolk-hemisphere, and becoming differentiated largely in. situ. It is interesting to note also, that when one side is less developed, the posterior end of that side is better formed than the anterior, and it was the anterior material that was operated upon in this series.
Several eggs were killed at 5, 10, and 20 hours after the operation in order to find out their condition at these times. Two eggs, after 5 hours, show the blastomeres further divided and the segmentation cavity appearing. The protoplasm of the cells, that had not been themselves stuck, is drawn out towards the place of injury, and is, in consequence, somewhat injured, i. e., it is not segmented regularly, but contains nuclei and elongated pigment streaks. Four eggs, after 10 hours, show further segmentation; the segmentation cavity is large in some eggs, smaller in others, and irregular in shape. The place of injury appears to lie at a level with the floor of the segmentation cavity; and here the protoplasm protrudes somewhat and is irregularly and incompletely divided into cells. This lateral (anterior) location of the exovate indicates that the protoplasm of the remaining cells has been drawn out when the blastomeres were removed, and that a shifting of the cells remaining at the top of the egg has to some extent taken place. One of these eggs had been so much injured that it had divided in only a small region,-the rest of tile egg containing a few scattered nuclei. No segmentation cavity is present.
After 20 hours two eggs show further segmentation. A large segmentation cavity is present, situated somewhat excentrically, and the protoplasm, in the region of the blastomeres that had been removed, is abnormal in appearance and not divided. Another egg" of this set is much more injured, and the yolk less divided. A small segmentation cavity is present, situated excentrieally.
In one set, in which the two upper anterior blastomeres of the eight-cell stage had been stuck with the intention of removing them, a few eggs were preserved at once, and later more carefully examined under the microscope in order to see how successful the operation had been. In six eases the contents of the two anterior blastomeres had been entirely removed, and the two posterior left uninjured. In one ease one of the two upper blastomeres had been entirely removed, and only a part of the other one. After five hours, six other eggs were killed with formalin and examined; two of these had continued to divide, while four appear wrinkled on the surface and the protoplasm had remained undivided.
These observations give some idea of what can be expected from the operation unless each egg is carefully examined after the attempt to remove the blastomeres. While, in general, it may he said that the operation can be successfully carried out, this is not always the ease, and pieces of the injured blastomeres must sometimes remain, and in consequence some portion of their material may be contributed towards the formation of the embryo. Not infrequently also the rest of the egg is so much injured by the removal of the upper blastomeres that it may fail to segment entirely, or in part. Sections show that the protoplasm of the lower cells in the immediate vicinity of the ones removed is often drawn out and may be so injured that it fails to segment; and thus a more extensive region than the part immediatly stuck may become involved in the operation.
An examination of all the material resulting from this operation gave the following results:
In one lot of eggs the posterior parts of the medullary plate were present, and the anterior part was injured or defective in sixteen eases; one normal (?) embryo developed, and three embryos had a circular blastoporie rim, but had not further developed. Eighteen eggs were dead.
In another lot two half-embryos developed, one a much shortened and imperfect half; the other an elongated spina bifida embryo; three eggs were dead. The condition of the head end in the former two was not sufficiently examined, since sections were not made.
In another lot (after 3 days) twelve eggs had segmented, but the blastopore lip had not yet appeared. The eggs showed marked injuries in the region of sticking; eight eggs were dead ; four showed the beginning of the blastopore just below the black area. The formation of the embryo had been delayed in these eggs, as usually happens after an operation.
In the two following series the eggs were operated upon with greater care, and an hour or more after the operation they were re-examined, and separated into two groups; in one of which the contents of the two injured blastomeres had been completely removed~ while in the other group the operation had failed to remove completely the contents of one or of both of the injured blastomeres.
Group 1. Contents all out. Six eggs had not developed further than the early segmentation stages and were dead.
Group 2. Contents not all out. Three eggs showed the posterior end of the medullary plate, while anteriorly they were defective. Two were segmented on one side only.
A few other series were also examined, but as they gave nothing different from those described above they may be omitted here.
Conclusions: The effect of this operation shows unmistakably that the anterior end of the embryo is generally defective after the removal of the two anterior blastomeres. The frequent appearance of half-embryos probably means that the egg has been more injured on one side than on the other, and it is interesting to find in these eases also, that the head end of the half-embryo is often defective. The spina bifida embryos result from the failure of the h~lves to grow over the yolk, and these, too, generally show a defective anterio'r end.
II. The Two Upper Posterior Blastomeres Removed
at the Eight-Cell Stage.
An embryo from an egg operated on in this way is shown in Fig. 12 . Posteriorly it terminates in a plate, projecting over the yolk, that carries on its surface a continuation of the medullary plate. In this case the dorsal lip had appeared, no doubt, and had advanced for a certain distance over the lower hemisphere, receiving contributions from the lateral lips. Its further advance was hindered by the lack of power to advance of the lateral lips, represented in part by the line between the black and the white. Sections show that the anterior end is well developed; a wide archenteron is present beneath the dorsal surface.
Tile next embryo, Fig. 13 , is very similar. The anterior end is present, but posteriorly the embryo ends as in the last case. One side is more complete than the other, so that the medullary plate appears to lie excentrically on the. yolk. This condition is due, as has been said, to one side being better developed, and, therefore, more extensively covered by ectoderm, and secondly to the greater advance of the dorsal and lateral lips of the blastopore on this side.
The next embryo, Fig. 14, is similar in many ways to the last. The head end is well developed. Sections show that while both sides are defective posteriorly, one side is more so than the other. The archenteron comes to the surface along the black edge shown on the left side of the figure. The posterior end of the medullary plate is more complete on the right side of the figure.
The embryo shown in Fig. 15 is a spina bifida form. It is not possible to determine with certainty which is the anterior and which is the posterior end. Sections show that the half-medullary plates encircling the yolk meet at what appears to be the anterior end, while at the other end, presumeably the posterior, the half-folds fail to meet, and the region between them is injured.
The next figure, Fig. 16 , is little more than the dorso-anterior part of an embryo. The suckers (adhesive glands) appear at the Archly f. Entwicklungsmech~nik. XIX. 5
anterior end of the black cake-like part of' the egg, and behind them the groove on the surface indicates the line of union of the anterior portion of the medullary folds. The medullary plate has rolled in, and its sides have met and fused beneath the surface. Beneath the medullary tube there is a notochord in the middle and in the more posterior parts of the embryo, and beneath this is a rather large (especially anteriorly) archenteron, which extends to the posterior end, but does not open laterally along the edges of the black region. These edges, shown in the surface view, can not, therefore, be looked upon as the undeveloped lateral lips of the blastopore. The relative number of the different kinds of embryos resulting from killing the two upper posterior blastomeres is indicated by the following records.
In one series, in which the contents of these blastomeres had been completely removed, when examined, ten hours after injury, two eggs had segmented, except in the region of the exovate; and in another lot, in which the contents of the injured blastomeres had not been entirely removed, three had segmented except in the region of injury, and one had segmented only very imperfectly.
In another series, killed four days after the operation: one egg showed a blastoporic rim on one side about two-thirds the distance down the egg; the other side of the egg seemed to be dead. Another egg had produced a half-embryo on one side (rather imperfectly formed) and an imperfect edge along the other side of the yolk. In another lot, three eggs were dead, one had formed a nearly perfect embryo, and the third is shown in Fig. 16 .
In another, better series, eight embryos had a nearly normal anterior end; five eggs had segmented, but no embryo had yet developed, and eleven were dead. The embryos represented in Figs. 12--15 are fl'om this set.
Conclusions: The evidence in favour of a posterior defect in the embryo, after the removM of the two posterior blastomeres, is much less satisfactory than in the case of the removal of the two anterior ones. We can at least surmise the cause of this difference. In the first place the two upper posterior blastomeres are relatively higher up on the egg than are the two upper anterior ones. Hence the material contained in them is probably not carried so far down on the posterior side of the egg as is the material of the two anterior blastomeres, tn the second place, the posterior lip of the blastopore appears to come in further down in the lower hemisphere than does the dorsal lip. In the third place the posterior end of the embryo is much less characteristic and difficult to identify than is the anterior end. It does not differ much, superficially, fl'om the lateral posterior parts of the medullary folds, and if the latter should fail to develop as far as the real posterior end, it would be difficult to distinguish between their ending" and the normal posterior end of the embryo.
From these considerations it follows that it would be much more difficult to establish that the two upper posterior blastomeres contribute to the embryo than was the case for the two upper anterior blastomeres. It can not, perhaps, be claimed that the results here recorded demonstrate that the material of these posterior blastomeres is really added to the embryo, although, I think, the results do make this view probable. This same question will come up again for consideration in the next experiment, in which all four cells at the top of the egg were injured or removed.
Iii. Injury to or Removal of the Four Upper Blastomeres at the Eight-Cell Stage.
If this experiment could be successfully carried out it ought to give a more complete answer to our problem than either of the two preceeding experiments. Certain technical difficulties, however, make it very difficult to perform the experiment with entire success, if the contents of the upper four cells is entirely removed the rest of the egg often collapses, or more often fails to develop further, although, as sections show, the nuclei may continue to divide. In the second place it is by no means easy to remove entirely the contents of all four blastomeres without causing the changes just mentioned. Nevertheless, if the contents are even largely removed the experiment should give results that bear directly on the present question, and such has proven to be the case. Fig. 17 shows an embryo from which the four upper cells had been more or less completely removed. The top of the egg still contains an injured region. The blastopore had formed below the equator of the egg, but had not developed further, although the embryo had been kept for several days. Sections show that the whole top of the egg has been destroyed-more extensively so than the figure indicates. Beneath this dead part is a fluid space containing a coagulated fluid. The lower portion of the egg is divided 5* into cells and the blastoporie rim, seen in the figure, is represented by a slight in-pulling of yolk cells as in the normal invagination. On one side a little ectoderm is differentiated above the blastoporic rim, and underneath this there is a little mesoderm. On the opposite side no such differentiation has taken place. The sections give every appearance that the region of the blastopore is lacking quantitatively in the material that goes to produce the embryo. The next figure, Fig. 18 , is similar to the last. Sections of this egg also show a very much injured region at the top of the egg'. The lower part is cellulated: and a narrow depression marks the blastoporic rim. The cells bordering this groove are pointed and have pigment in their outer ends. There is no ectodermal or mesodermal differentiation above the rim.
In other experiments a hot needle was thrust into the upper four cells, and moved about, so that these cells were injured or killed by the heat. This method has the advantage that the egg is less likely to collapse than when the blastomeres are removed. It has the disadvantage that it is more (tifficult to determine after the operation how extensive the injury has been. In fact the heat may often injure the upper parts of the lower four blastomeres.
The egg drawn in Fig. 19 , is a late stage after an operation of this sort. The top of the egg is dead, the lower part is eellulated. As yet the blastopore has not appeared. Fig. 20 represents another egg in which, as sections show, a much less extensive injury than in the three proceeding cases has taken place; and, in fact~ some of the material of the top on one side appears to have been left and to have formed a solid group of small cells on that side in which the blastopore appears on the surface. The latter lies in the large cells far below the collection of small cells. The larger cells show some differentiation above the blastopore.
The egg' represented in Fig. 21 is similar to the last, but has developed only on one side. No sections were made in this case.
A few other eggs killed at different times after the operation were also cut into sections. One egg, after eight hours~ shows the top killed, the rest divided into cells; another after ten hours shows the protoplasm undivided, the nuclei dividing; another after twenty hours shows the lower portion divided, the upper parts of which contain smaller cells than the lower; and another egg of the same lot was so much injured by the heat that the nuclei are dividing in only one part of the egg.
In the two following cases the contents of the upper four cells had been entirely removed with a cold needle. One of these, killed after ten hours, showed numerous nuclei, btrt the protoplasm had not divided; the other, after three days, showed the top of the egg entirely killed, the rest of the egg being divided for the most part into many ceils. On one side no protoplasmic division had taken place. Later stages of eggs operated upon in these ways gave the following general results:
In one series (hot needle) ten eggs were dead; two others had segmented on one side only. In another set about sixty eggs operated upon were dead and only two or three showed late segmentation. In both of the preceeding sets a hot needle had been used and the eggs were preserved after three days. In another set (cold needle), after four days, five eggs were dead, and two had segmented only on one side. In another set (hot needle), in which the entire contents of the cells was removed, four eggs died, and two had segmented in the remaining part. In another set, in which the hlastomeres were not completely killed, two eggs show a hlastoporic rim, one had formed a normal embryo, and one had gone no further that a late segmentation stage.
In another set, in which also the contents of the upper blastomeres was not entirely removed, nine eggs died, four had segmented, but no embryo had formed, and two showed a blastoporie rim. In one the rim lay below the equator, and in the other high up on the side of the egg.
In still another series, in which the contents of the blastomeres had not been entirely removed four were dead, four had segmented on one side, two showed a blastoporic rim (one of these had an incomplete anterior end of the medullary plate). In another set, a blastoporic rim and the imperfect anterior end of an embryo was present.
These examples will serve to illustrate the outcome of this operation. There were more than fifty other cases similar to these.
Conclusions: The most common result of the operation is either to kill the egg or so to injure it that the other cells fail to divide, and the egg dies. When, however, the remaining portion of the egg segments it may produce a circular blastoporic rim. In some eases in which the top cells were not entirely killed or removed a part of the embryo appeared, but it is imperfect and deficient. The lack of development may be due, in some cases, either to the injury preventing the formation of the embryo, or to the lack of embryoforming material. Both factors are, no doubt, sometimes involved, but it seems more probable, in the light of other results with injured eggs, that the outcome is due mainly to the lack of material.
IV. Injuring the Top of the Egg at the Two-and Four-Cell Stages.
In order to determine whether the material that takes part in the formation of the embryo is already present at the top of the egg in the two-, and four-cell stages, and does not move into that part during the formation of the upper four cells, the following operation was attempted. The top of the egg was stuck with a hot needle at the two, and at the four-cell stage. At the two-cell stage it is more difficult to locate the top, and the results are less uniform than for the four-cell stage. In one set (after five days) of the four-cell stage series, three eggs died; three segmented, but formed no blastopore; two had a blastopore and a trace of the antel%r end of the medullary folds. Another embryo of this lot is shown in Fig. 22 . The anterior end is well developed, the middle and posterior parts extend along" one side of the yolk. In this case the injury has affected mainly one side, so that something more than a half embryo results. The particular conditions that le'td to the formation of this kind of embryo will be discussed later. In another case a short, but nearly normal anterior end of an embryo developed.
In another series, stuck at the two-cell stage, twelve eggs showed delayed segmentation; one showed the blastopore nearly closed and a medullary plate imperfectly outlined in front of it. Another egg showed a shortened embryo lying along one side of the yolk, somewhat as in the last figure; a third had a blastoporic rim around the equator; and a fourth had a small yolk plug, but no medullary folds had as yet appeared.
Conclusions: The results of injuring the top of egg at this time give, in general, results similar to those after injury at the eight-cell stage, but the outcome is so variable that the experiment is unsatisfactory. The results recall the early experiments of Rocx, in which parts of the unsegmented egg were caused to exude by sticking the egg with a needle. The many different kinds of embryos that he obtained can, with difficulty, if indeed they can at all, be referred to the kind of part removed. The shifting that takes place after an operation of this sort, if it is a severe one, causes such extensive changes in the protoplasm that the results are difficult to interpret. The same danger, but to a much smaller degree, is also met with when the eight-cell stage is punctured.
One of the peculiar methods of development that occur after injury to the egg calls for special comment. A medullary plate, that is more than a half plate, especially at its anterior end, may appear lying excentrieally on the dark part of the egg. It sometimes appears to lie along one side of the yolk as shown in Figs. 6, 8 (?), 13, 14, 22 . At first sight it appears that one half of the egg has formed nearly a whole embryo; and as such cases seem to occur more frequently when the other half of the embryo has failed to develop, this conclusion might seem all the more probable. The real meaning of embryos of this kind is best understood by means of the following diagrams, Figs. 23--26 . The first of these shows the egg as seen somewhat from below. One side of the egg, indicated by the crosslines, has been injured, but the injury does not extend to the middle of the region in which the dorsal lip of the blastopore appears, as shown in this figure. In later stages the lateral lip of the blastopore extends around one side of the yolk, as shown on the right side of Fig. 24 , while on the other side it extends only to the region of injury. The dorsal and lateral lips now begin to grow over the lower hemisphere, as shown in Fig'. 25, and finally extend to the posterior region of the embryo, as shown in Fig. 26 . The medullary fold appears, as shown in this figure, on the region overgrown (and also somewhat in front of the first position of the dorsal lip). The archenteron opens to the exterior between the letters B--P in Fig. 26 , but the dark-white line anterior to this, R--B in the figure, is not a blastoporic rim. but the line between the uninjured and injured parts of the egg'. The medullary plate is a whole structure at its anterior end because it is derived from the material in front of the first position of the dorsal lip, where the ~,whole,~ primoidium of this part of the embryo is present. Behind the head region, the medullary plate is a complete half-structure on the right side, because it contains all of the material of that side of the egg'; but the left halt' of the plate is incomplete, the more so the more posterior the region examined. The cause of this deficiency on the left side is due to lack of material; and that part of it that is present is due to the little material of the left side of the dorsal lip that is carried backwards as the dorsal lip grows posteriorly. The amount of this material continually decreases from before backwards, and, in some cases, may be totally lacking at the posterior end. The opening of the archenteron along the edge of the more-than-half plate, between the letters B--P in Fig. 26 , supports the interpretation that I have given to these embryos. On any other interpretation the opening out of the arehenteron at the side of a medullary plate, that is more than half, is difficult to explain.
Discussion of Results.
These experiments have been only partially sueeessful owing to the difficulty of the operation and to the great mortality amongst the injured eggs. Nevertheless I believe the results show evidence of a direct connection between the removal of the blastomeres at the tQp of the egg and definite defects in the embryo. Whether these defects are entirely due to the removal of the material of the upper cells or to certain indirect effects of the operation will bear closer examination. The following considerations should be given due weight in this connection.
First: The fact that a large, percentage of eggs die without forming an embryo makes it somewhat hazardous to draw eonelusions from those that do survive. This objection curries less weight, however, if it be remembered that the eggs have been sorted into lots according to the extent of injury to the punetur'ed cells, and embryos have been obtained from all the lots. This shows that some at least of the eggs that survive have had the entire contents of the injured blastomeres removed, and have produeed defective embryos.
Second: The difficulty of eompletely removing the contents of the blastomeres affects the value of the results to some extent, unless great care is taken to examine the eggs after the operation, and to remove those, in which parts of the punctured blastomes have been left. In the eases in which the greater part of the blastomere has been removed, the effeet should be almost the same as when the entire eontents is removed, provided the result depends on the loss of the protoplasm rather than of the nucleus; and this, in fact, appears to be the ease from the results of recent experiments on other forms, as for example the etenophors (DRIESCH and MORGAn, FISCHEL), the mollusks (Cf~.&~IProx, Wmsox), the sea-urchin (DRIESCH, BOVERI), etc.
Third: The effect of removal on the neighboring blastomeres, causing them often to remain undeveloped or to protrude at the region of injury, may produce a more extensive injury than that intended. This is, I believe, the most serious objection to the experiment. Sections show that this result not infrequently occurs. I do not doubt that some of the defective embryos have arisen in this way, and since the regions indirectly affected are in that part of the egg where the expected results of the operation are looked for, too great caution can not be used in interpreting the results.
Fourth: As has been already pointed out, other results led me to suspect that the embryo-forming material of the frog's egg lies, at first, somewhere around the top of the egg, though not necessarily immediatly over the pole itself. It is not probable that this material is contained entirely in the upper four cells of the eight-cell stage, and even if in large part the cell boundaries need not correspond exactly with embryo-forming areas. In fact, I believe, the recent results referred to above only show that a large amount of a particular substance may be contained in a given cell, and, in consequence, determine its fate. Other, neighboring" cells especially, may contain smaller amounts of the same substance (combined with other kinds), and the kind in largest amount may determine the differentiation of the ceil. From this point of view we can better understand the regenerative capacity of certain egg's after the removal of the blastomeres. In the frog's egg the different shapes of the upper cells at the eight-cell stage would seem to indicate that a larger amount of certain parts of the embDTo-forming-material is contained in them in some cases and a smaller amount in others; and this, in turn, might lead to quantitative differences in the effect of their removal. Also, if I am right in my conjecture, viz., that the upper meeting point of the first four cells may lie at different points in the upper hemisphere, this also would lead to some differences in the results of the operation.
Fifth: I have tacitly assumed that the median plane of the embryo may be expected to agree with the plane of symmetry of the gray crescent. This is generally, but not always, the case, as shown by the observations of NEWPOnT, PFLL'GER, ROUX: KOPSCtt, MORGAX, and MORGAX and BORIXC+. It has been shown by the latter writers for the species of fl'og used in these experiments, Rana palustris, that in a small percentage of cases the two planes do not coincide, and furthermore that the second furrow may sometimes coincide with the middle of the crescent, in which case the middle plane of the embryo sometimes agrees with the first, sometimes with the second plane of cleavage. It is, therefore, always possible that a few of the eggs may be in these conditions, and, consequently, the removal of the two blastomeres on the crescent side may not involve the removal of the two anterior, but of two lateral cells. Some of the results may be due to this, but the chance is small that such eggs are used, anddevelop, and the general results are not, I think, seriously affected by this exceptional relation.
Due weight must be given to all of these points. I have kept them constantly in mind, but I think that serious as the difficulties are. the results indicate a direct connection between the operation and the effect produced in the embryo, and I conclude that the removal or the destruction of the material of the upper four cells of the eight-cell stage shows that this material is necessary for the complete formation of the embryo, and the results are not due, except in small part, to an indirect effect of the injury. The result is more evident in the case of the two anterior of the upper four cells than in the case of the two posterior. The position of the dorsal lip of the blastopore and of the head on the egg would also lead one to expect that this would be the case.
Comparing the results of this operation with those of Rot-x in which one of the first two blastomeres is simply stuck with a hot needle, there is a marked difference in the outcome; for, many more of the eggs die or fail to produce an embryo when the upper cells are removed than when the development of one of the first two blastomeres is delayed by the injury. This difference is due mainly to the secondary effects produced by removing the blastomeres, but also, in part, I think, to the effect of removing part of the embryoforming material.
In Rocx's operation half of all the kinds of materials are left in the uninjured blastomeres~ and bring the uninjured half to its half-development.
Furthermore, as HERTWIG, CURT ZIEGLER, MORGAn, and MORGA~N T and TORELLE have pointed out the injured blastomere in Rocx's experiment is, as a rule, only delayed in its development, and is not killed (except rarely). Its 9 postgeneration(( is largely its retarded development. If, then~ the embryo-forming material lies in the upper hemisphere, and is contained in part in the upper four blastomeres of the eight-cell stage, how is this material carried later to or below the equator of the egg?
It is my intention to deal later with this question in a separate contribution, which involves a re-examination of the entire early development, but I may anticipate my conclusion here, since it is so intimately bound up with the present question. The movement downwards and outwards of the material of the upper part of the egg is a consequence of the formation and enlargement of the segmentation cavity. This cavity appears at the eight-cell stage, and as it enlarges during the segmentation period its roof becomes thinner, and part of the material that was contained in the upper four blastomeres of the eight-cell stage, and also that contained in the upper ends of the lower four cells, is carried outwards over the roof and sides of the segmentation cavity towards the equatorial regions of the egg. In this region it is in position to take part in the formation of the head and sides of the embryo, forming a ring around the egg which is higher (thicker) in the region of the head.
If the formation, of the segmentation cavity is prevented the material of the upper part of the egg remains in position, and the sides of the embryo may develop relatively high up on the egg, as occurs in several forms of abnormal development; such, for example, as result from a centrifugal force or fl'om salt-solutions, or from other agents. When only two of these upper cells are removed the segmentation cavity still appears, especially on the opposite side of the egg, and that half of the embryo develops, not, however, because the segmentation is present, for, the embryo may develop high up on the egg even when the segmentation does not appear, but because the embryo-forming material of that side has not been lost, while the other side, on which the removal occurred, can do no more than form the beginning of its part of the embryo.
By means of this hypothesis which postulates the movement of the materials downwards and outwards we can explain, in large part, the different kinds of abnormal embryos obtained in the experiments that I have carried out on the frog's egg, as well as the result of the experiments here described.
Conclusions.
The appearance of the embryo of the frog on the black hemisphere of the egg" in many forms of abnormal development led to the hypothesis, that the material out of which the normal embryo forms, may be contained at first in the upper hemisphere, and become transferred during the cleavage period to the equatorial regions.
In order to determine whether this material is contained, ill part, in the upper four blastomeres of the eight-cell stage, these blastomeres were removed by means of a cold needle, or destroyed by a hot needle. In one series of experiments only the two anterior blastomeres {i. e., those on the side of the gray crescent), in other series the two posterior, and in still other series all four upper cells were removed or destroyed.
When the two upper anterior blastomeres of the eight-cell stage are removed d'efects in the anterior end of the embryo generally occur.
When the two upper posterior blastomeres of the eight-cell stage are removed the anterior end of tlle embryo generally develops, but the results do not show definitely whether the removal of these cells causes defects in the posterior regions of the embryo, although this appears probable in several cases. This may,. however, have been due to indirect effects of the operation. The greater difficult)" of identification of the posterior end, and the lower position of the ventral lip (than of the dorsal lip) of the blastopore on the egg renders the results of this operation less determinative than the former.
When all four of the upper blastomeres of the eight-cell stage are removed or destroyed most of the egg's die as the result of the operation; some continue for a while to segment, but do not produce an embryo; a few succeed in forming a circular blastoporic rim (formed by the pulling-in of yolk-bearing cells), and although indications of the presence of ectoderm and of mesoderm above the blastoporic rim occur, there does not seem to be sufficient material present to produce the embryo. The results appear to be due to the removal of embryo-forming material.
Caution must be used in interpreting" these results as due only to the removal of embryo-forming material. The most important of these considerations is that more extensive injuries to the egg', than arc actually involved in the removal of the blastomeres, can often be shown to take place, so that the injurious effects of the operation may involve neighboring parts of the egg. Another difficulty is found in that different regions of the top of the egg may be included in the upper four cells in different forms of cleavage. A further difficulty arises from the lack of agreement in some cases between the median plane of the embryo and the plane of symmetry of the gray crescent. These. and other difficulties mentioned in the foregoing pages, show that great care must be used in interpreting the results; nevertheless the results indicate on the whole that some at least of the embryo-forming material that goes towards the formation of the head and sides of the embryo is contained in the upper four blastomeres of the eight-cell stage.
It is suggested that the movement downwards of the material of the black hemisphere that goes to form the embryo is due to the enlargement of the segmentation cavity; as a result much of the more protoplasmic part of the egg is carried to and below the equatorial regions, from which the dorsal portions of the normal embryo derive their material.
July 20, 1904.
Zusarnmenfassung,
Das Erscbeinen des Froschembryo auf der sehwarzen Eihemispb~re in einigen Formen abnormer Entwicklung leitete zu der Hypothese, dal~ das Material, aus welchem sich der normale Embryo bildet, zu Beginn in der oberen Hemisph,ire enthalten sein kann und wiihrend der Furchungsperiode naeh der .~quatorialregion geschoben wird.
Um zu bestimmen, ob dies Material zu einem Teil in den oberen vier Blastomeren des Achtzellenstadiums enthalten ist, wurden diese Blastomeren mittels einer kalten Nadel entfernt oder mit einer heiBen ~Nadel zerstSrt. In einer Versuchsreihe wurden die beiden vorderen Blastomeren Id. h. diejenigen auf der Seite des grauen Halbmondes Rovxs), in andern Versuchsreihen die beiden hinteren und in noch andern Versuchsreihen alle vier oberen Zellen entfernt oder zerstiirt.
Wenn die beiden vorderen oberen Blastomeren des Achtzellenstadiums entfernt werden, entsteben im allgemeinen Defekte im vorderen Ende des Embryo.
Wenn die beiden hinteren oberen Blastomeren des Achtzellenstadiums entfernt sind, so entwickelt sich im allgemeinen das vordere Ende des Embryo, aber die Resultate zeigen nicht definitiv, ob der Ausfall dieser Zellen Defekte in den hinteren Regionen des Embryo erzeugt, obgleich dies in einigen Fiillen wahrscheinlich erscheint. Dies kann jedoch indirekten Effekten der Operation zuzuscbreiben sein. Die grSBere Schwierigkeit, das hintere Ende wiederzuerkennen, und der Umstand, dal3 die ventrale Blastoporuslippe am Ei tiefer liegt als die dorsale, machen die Resultate dieser Operation weniger bestimmt als die ersteren.
Wenn alle vier oberen Blastomeren des Achtzellenstadiums entfernt oder zerstiirt werden, so sterben die meisten Eier infolge der Operation; einige fahrennoch eine Weile fort sich zu teilen, bringen aber keinen Embryo zustande; einige wenige erreichen es, einen kreisfiirmigen Blastoporusrand zu bilden (gebildet dutch die Einstiilpung der Dotterzellen), und obgleich Andeutungen yon Ektoderm und yon Mesoderm iiber dem Blastoporusrand vorhanden sind, so scheint sich hier nicht geniigend Material zu finden, um einen Embryo zu bilden. 
